Sorghum [Sorghum bicolor (L.) Moench] can be used as bioenergy crop for either biomass or sugar yield. Dry matter (DM) yield and nutrient removal information is needed if sorghum is to be planted in high-nutrient receiving areas such as swine (Sus scrofa domesticus) spray fi elds. Th e objectives of this 4-yr experiment (2012 through 2015) were to determine the eff ect of fi ve N fertilization rates (0, 67, 134, 201, and 268 kg N ha -1 yr -1 ) on DM yield and nutrient (N, P, and K) removal of cultivars Blade ES5200 (biomass) and M81-E (sweet). Th e DM yield of ES5200 plateaued at 18.5 and 18.9 Mg ha -1 in 2012 and 2014, respectively, when N rate was 67 kg ha -1 . Th ere was no N fertilization eff ect on DM yield of M81-E, which were 11.1 and 15.0 Mg ha -1 in 2012 and 2014, respectively. Early season excess rainfall in 2013 and 2015 negatively aff ected yield of both sorghums. Nutrient removal for ES5200 was 87 to 139 kg N ha -1 , 20 to 23 for kg P ha -1 , and 187 to 205 kg K ha -1 . For M81-E, nutrient removal was 52 to 118 kg N ha -1 , 8 to 20 for kg P ha -1 , and 92 to 156 kg K ha -1 . Sorghum cultivars responded diff erently to N fertilization. High DM yield supports sorghum as a bioenergy crop, however, the relatively low nutrient removal rate may limit its utilization in nutrient-rich environments such as spray fi elds.
I nterest in economical alternatives to fossil fuels has grown over the past several decades as a result of greater energy demand, the need to reduce reliance on fossil fuels, and documented increase of atmospheric CO 2 (Longinelli et al., 2005) . Sorghum is a C 4 grass that has emerged as a potential dedicated bioenergy crop for both biomass and sugar yields (Rooney et al., 2007) . Nevertheless, sorghum responses reported in the literature have been variable within and across studies due to cultivar, environment, and management practices (Erickson et al., 2011; Maw et al., 2017) .
Swine spray fi elds of eastern North Carolina are areas that may be planted to dedicated bioenergy crops. Annually, 8.8 million hogs are raised within the state, most of which are located in the Coastal Plains physiographic region (USDA-NASS, 2015) . As of 2014, there were approximately 50,000 ha permitted for application of swine waste (NC-DWR, 2016) . Currently, the majority of spray fi eld sites are dedicated to bermudagrass [Cynodon dactylon (L.) Pers.] hay production because of its potential as a long-term waste receiver crop (Burns et al., 1985) . High nutrient removal and response to N and water application are desirable characteristics for spray fi elds crops (Burns et al., 1990) . Sorghum has been proposed (Rooney et al., 2007) as a potential bioenergy crop; nevertheless, there is very little information on DM yield and nutrient removal potential to support its production in North Carolina and specifi cally North Carolina's spray fi elds. Th is information is critical to the viability of sorghum as an alternative dedicated bioenergy crop and to assist in the development of nutrient management plans. Hao et al. (2014) reported that the optimum N rate for sorghum production in the Texas High Plains ranged from 148 to 183 kg ha -1 yr -1 . In Florida, Erickson et al. (2012) reported nutrient requirements for sweet sorghum between 90 and 110 kg N ha -1 and Singh et al. (2012) reported an average N removal rate of 136 kg ha -1 yr -1 . In Illinois, Maughan et al. (2012) reported biomass responses up to 224 kg N ha -1 . Adams et al. (2015) reported a minimum level of 127 kg N ha -1 needed to achieve sweet sorghum biomass production of 19.7 Mg ha -1 ; and most recently in Missouri, Maw et al. (2017) reported DM yield plateaued at 18.5 Mg ha -1 for high biomass sorghum fertilized with 56 kg N ha -1 and with 104%
Nitrogen Fertilization Effects on Yield and Nutrient Removal of Biomass and Sweet Sorghum N recovery efficiency. Limited N fertilization levels commonly tested (three to four N rates commonly used) in combination with wide ranges of N application rates prevent accurate estimates of sorghum responses. More importantly, specific cultivar and environmental factors contribute to the wide range in sorghum responses reported in the literature. Information on DM yield and nutrient responses to N application is needed for North Carolina and if sorghum is to be planted in spray field areas. The objectives of this experiment were to determine the effect of five N fertilization rates on (i) DM yield and (ii) N, P, and K tissue plant concentration and removal by two dedicated bioenergy sorghums.
MATERIALS AND METHODS

Experimental Site
The experiment was conducted for 4 yr (2012 through 2015) at the Williamsdale Biofuel Field Lab near Wallace, NC (34°45¢ N, 78°5¢ W; elevation, 16 m). The soil was classified as Noboco loamy fine sand (fine-loamy, siliceous, subactive, thermic Oxyaquic Paleudult). Prior to sorghum establishment, the experimental areas were in a corn (Zea mays L.)-soybean [Glycine max (L.) Merr.] rotation for several years with soybean as the 2010 crop. Soil samples for initial characterization were collected in February 2011 to 120-cm depth in four depth intervals (0-30, 30-60, 60-90, and 90-120 cm) . Composited samples per block from two adjacent fieldlocations were processed and sent for analysis to the North Carolina Department of Agriculture and Consumer Services (NCDA&CS) Soil Testing laboratory. Cation exchange capacity (CEC) was determined by summation of basic cations (excluding Na) and buffer acidity (Mehlich et al., 1976) . Soil pH was evaluated on a 1:1 soil/ water volume ratio. Humic matter (HM) was determined using a NaOH digestion with colorimetric determinations (Mehlich, 1984b) . Samples were analyzed for P, K, Ca, Mg, S, Na, Mn, Cu, and Zn by way of Mehlich-3 extractant using inductively coupled argon plasma spectroscopy on a volume basis (Mehlich, 1984a) . Analysis of the surface soil (0-30 cm) indicated soil pH of 5.2 and Mehlich-3 extractable P, K, and Mg of 404, 161, and 58 mg kg -1 , respectively (Table 1) . Additionally, each year before planting, soil samples from 0-to 20-cm depth were collected and analyzed to ensure that nutrients (other than N) were not limiting. There was no need for additional nutrient applications.
The experimental area consisted of two adjacent sets of plots. Each set consisted of two side-by-side subsets of plots where each of two sorghum entries were planted. The first set of plots was planted in 2012 and 2014 (fallow in 2013 and 2015) . The second set of plots was planted in 2013 and 2015 (fallow in 2012 and 2014) . Fallow consisted of mechanical tillage and herbicide application {glypho-sate, [N-(phosphonomethyl) glycine], at 1.12 kg a.i. ha -1 } during the summer. Timing of herbicide application was based on weed pressure and consisted of two applications per fallow season. Plots were tilled following sorghum harvest using a tandem disk set to a depth of 20 cm. A crop-fallow 2-yr rotation was chosen as a strategy to prevent carry over effects from the application of N of the previous growing year. The N rate treatments were applied in the same corresponding plots following the rotation. Monthly maximum and minimum temperatures are shown in Table 2 . Monthly rainfall per year, annual total rainfall, and the 30-yr average rainfall are shown in Fig. 1 . Total rainfall was greater in 2013 and 2015 compared to 2012 and 2014, and in excess of 278 mm in 2013 and 600 mm in 2015 compared to the 30-yr average.
Land Preparation
Plots were tilled using a tandem disk set to a depth of 20 cm followed by a field cultivator for seedbed preparation. Herbicides atrazine (1-chloro-3-ethylamino-5-isopropylamino-2,4,6-triazine) and metolachlor (S-2-Chloro-N-(2-ethyl-6-methyl-phenyl)-N-(1-methoxypropan-2-yl) acetamide) were applied at planting at a rate of 1.74 and 1.35 kg a.i. ha -1 , respectively. Seed of the two types was treated with Concep III seed treatment (Syngenta Crop Protection, LLC, Greensboro, NC). Entries were planted at a rate of 247,000 seeds ha -1 using a John Deere vacuum planter (John Deere & Co., Moline, IL). Planting dates were 9 May 2012, 3 May 2013, 21 May 2014, and 24 April 2015.
Treatments and Experimental Design
Treatments were five N rates: 0, 67, 134, 201, and 268 kg N ha -1 yr -1 . The treatments were applied to two sorghum cultivars. Each cultivar was planted side by side in adjacent plots separated by a 6-m alley between plots. Side-by-side plots were used because the objective of the experiment was to compare the individual sorghum entry responses to N application rate treatments and not to compare sorghum types. Therefore, data from each cultivar was analyzed as a separate experiment. Treatments were allocated in four replicates in a randomized complete block design. Experimental unit size was 3.0 m wide by 9.1 m long and consisted of four rows of sorghum planted at 0.76 m space between rows. Nitrogen fertilizer was applied at planting by hand-broadcasting in a single application. Ammonium nitrate fertilizer (NH 4 NO 3 ; 340 g N kg -1 ) was used as the source of fertilizer N in 2012 and Urea [CO(NH 2 ) 2 ; 460 g N kg -1 ] treated with the urease inhibitor N-(n-butyl) thiophosphoric triamide (NBPT, Koch Industries, Inc., Wichita, KS) for all other years.
The two sorghum entries were biomass cultivar Blade ES5200 (Ceres, Inc., Thousand Oaks, CA) and sweet cultivar M81-E (MAFES Foundation Seed Stocks, Mississippi State, MS). These Table 1 . Initial soil characterization from samples collected in 2011. Data are means of four replicates and two field-locations (n = 8).
Depth Cation exchange capacity determined by summation of basic cations (excluding Na) and buffer acidity. ‡ pH evaluated on a 1:1 soil/water volume ratio. § HM: Humic matter determined using a NaOH digestion with colorimetric determinations. ¶ P, K, Ca, Mg, S, Na, Mn, Cu, and Zn determined using Mehlich-3 extractant inductively coupled argon plasma spectroscopy.
two commercially available sorghum entries were chosen due to their potential as dedicated bioenergy sorghum and because information on nutrient uptake and DM yield is lacking for North Carolina. The experiment was conducted under rain-fed conditions.
Response Variables Dry Matter Yield
Dry matter yield was measured by harvesting the two center rows (9.1 m long) to 15-cm stubble height with a Wintersteiger forage harvester (Wintersteiger AG, Austria) once at the end of the growing season. Harvesting events occurred on 31 October, 5 September, 9 October, and 14 September in 2012, 2013, 2014, and 2015 , respectively, when the plants were at soft dough growth stage. A subsample (approximately 1000 g) from the harvested material was weighed fresh in the field and dried at 65°C until constant weight (approximately 7 d in the drier) to determine DM concentration and calculate DM yield.
Nutrient Concentrations and Removals
Dried subsamples were ground using a Christy & Norris laboratory mill (Christy Turner Ltd, Suffolk, UK) to pass through a 1-mm screen. Ground samples were sent to the NCDA&CS Agronomic Services laboratory for N, P, and K plant tissue nutrient analysis. Total N concentration was determined by gas chromatography with a model NA1500s2 elemental analyzer from CE Elantech Instruments (CE Elantech, Lakewood, NJ) (AOAC 1990; Campbell, 1992) . Total P and K were determined with inductively coupled plasma-optical emission spectrometry (ICP-OES) (Spectro Arcos EOP, Spectro Analytical, Mahwah, NJ) (Donohue and Aho, 1992; adapted USEPA, 2001) . Total nutrient removal in the harvested crop was calculated as the product of tissue nutrient concentration and DM yield for each plot. 
Statistical Analysis
Data was analyzed using PROC GLIMMIX of SAS (SAS Institute, 2010). Analysis was performed by sorghum cultivar for the reasons explained earlier. In all models, year and N rate were considered fixed effects. Block was considered a random effect. Plots of model residuals were used to check for normal distribution. When year × treatment interaction effect was significant, simple effects were analyzed by year using the SLICE statement to produce an F test for each level. Mean separation was based on the SLICEDIFF option of LSMEANS. Polynomial contrasts (linear, quadratic, and cubic) were used to determine the nature of responses to N rates using the LSMESTIMATE procedure. Treatment effects were considered significant if P ≤ 0.05. Analysis of variance results are presented in Table 3 for biomass and sweet sorghum.
RESULTS AND DISCUSSION
Biomass Sorghum Dry Matter Yield
Dry matter yield ranged from 8.5 to 21.6 Mg ha -1 yr -1 . Nitrogen fertilization effects varied by year (P = 0.03 for year × N rate interaction effect). In 2012 and 2014, DM yield increased with linear and cubic effects as N rate increased from 0 to 268 kg N ha -1 (Table 4) . Dry matter yields increased 3.8 Mg ha -1 in 2012 and 4.7 Mg ha -1 in 2014 when N rate increased from 0 to 67 kg ha -1 (P = 0.03 in 2012 and P = 0.01 in 2014 for 0 vs. 67 N-rate treatment). There was no further increase in DM yields for N rates above 67 kg ha -1 (P = 0.77 in 2012 and P = 0.12 in 2014 for 67 vs. 268 N-rate treatment). The cubic effects in each year occurred because DM yield from the 201 N-rate treatment was not different than 0 and 268 N-rate treatments in 2012 while in 2014 DM yield from 134 and 201 N-rate treatments were lower than DM yield from the 67 and 268 N-rate treatments. An attempt was made to fit a linear-plus-plateau model using nonlinear mixed models to describe DM yield response to N rate application (Cerrato and Blackmer, 1990 ). However, confidence intervals for the parameters were broad and for some of the parameters the estimates were not significant (P > 0.05). Even though a linear-plus-plateau model could not be estimated, it is worth noting that DM yields consistently increased by an average of 4.3 Mg ha -1 in 2012 and 2014 when N rate increased from 0 to 67 kg ha -1 . Powell and Hons (1992) used three N rates (0, 112, and 224 kg N ha -1 yr -1 ) and reported linear and quadratic effects indicating that the intermediate N rate appeared sufficient to produce maximum sorghum yields.
There was no effect of N rate on DM yield in 2013 and 2015. Dry matter yield averaged across N rates were 14.8 and 10.9 Mg ha -1 in 2013 and 2015, respectively. We hypothesize that lack of DM yield response to N application is due to fertilizer loss away from the root zone for crop uptake. Application of N fertilizer occurred in a single application in May and these 2 yr experienced abnormally high rainfall early in the growing season by June (Fig. 1) . Rainfall in June was 412 and 366 mm in 2013 and 2015, respectively, compared to 115, 126, and 135 mm for 2012, 2014, and the 30-yr long-term average, respectively (Fig. 1) . In addition, saturated soil conditions during this time created less than ideal conditions for stand establishment and crop growth.
Tissue Nitrogen, Phosphorus, and Potassium Concentration
There were effects of year and N rate for N, P, and K concentrations (Table 3 ). Tissue N concentration was greatest in 2012, intermediate in 2015, and both years were greater than 2013 and 2014. Concentration of N increased with linear and cubic effects from 6.5 to 8.3 g N kg -1 (Table 5) as N rate increased from 0 to 268 kg ha -1 . Slightly lower N concentrations in the range of 4.4 to 6.3 g N kg -1 were reported by in Kansas for a photoperiod-sensitive sorghum cultivar.
Phosphorus concentration was greatest in 2013 (2.0 g P kg -1 ), followed by a lower concentration in 2012 (1.4 g P kg -1 ), and lowest and not different in 2014 and 2015 (average of 1.2 g P kg -1 ). Concentration of K was not different across fertilization rates in 2012 and 2013 (average of 15.1 g kg -1 ) and both years were Table 3 . Analysis of variance results for dry matter (DM) yield, N, P, and K concentrations and removals of biomass sorghum Blade ES5200 and sweet sorghum M81-E. greater compared to 2015 (12.0 g kg -1 ) and 2014 (9.3 g kg -1 ). Concentration of P and K followed a similar pattern in response to N application rate. Increased plant growth due to N additions led to a dilution of P and K in plant tissues (Table 5 ). Phosphorus concentration decreased 0.4 g kg -1 and K concentration decreased 1.6 g kg -1 when N rate increased from 0 to 268 N kg ha -1 . Similar results were reported by in Kansas with ranges of 1.2 to 1.7 g kg -1 for P and 14.7 to 15.2 g kg -1 .
Nitrogen, Phosphorus, and Potassium Removal
There were N rate and year effects for N removal. Greatest N removal occurred in 2012 (149 kg N ha -1 ), followed by lower removal in 2014 (115 kg N ha -1 ) and 2013 (100 kg N ha -1 ), and lowest in 2015 (84 kg N ha -1 ). Lower N removal in 2013 and 2015 was likely due to fertilizer losses or root exclusion from wet soil layers due to excessive rainfall in these years ( Fig. 1) , as discussed earlier, and corresponds to the years where no DM yield responses to N rate application were observed. Nitrogen removal increased linearly from 87.5 to 139 kg ha -1 when N application rate increased from 0 to 268 kg N ha -1 (Table 5 ). The greatest increase in N removal between two consecutive N rate treatments was 24 kg ha -1 and occurred between N fertilization rates of 67 and 134 kg ha -1 . This increase is due to lower tissue N concentration in the 67 N rate compared to 134 N rate but similar DM yield (DM yield of 15.5 and 15.8 Mg ha -1 across years for the 67 and 134 N-rate treatments, respectively). Consequently, the point where N removal in the harvested biomass most closely matched N application rate occurred between N application rates of 67 and 134 kg N ha -1 at which point there was no further increase in DM yield. Results from this experiment most closely agree with those reported by Tamang et al. (2011) at the southern High Plains who recommended an optimal agronomic N fertilization rate of 108 kg N ha -1 for sorghum.
There was a significant year effect on P removal. Phosphorus removal ranged from 12.6 to 28.9 kg P ha -1 , being greatest in 2013 and lowest in 2015. There was no effect of N fertilization rate on P removal (Table 5 ) and P removed in the harvested biomass averaged 21.7 kg P ha -1 . reported higher values with P removal ranging from 23 to 42 kg P ha -1 with similar P concentrations but higher DM yields than measured in our study.
There were year and N fertilization rate effects on K removal. Potassium removal ranged from 130 to 251 kg K ha -1 across years and treatments and was greatest in 2012 and lowest in 2015. A cubic response to N fertilization rate occurred because of lower K removal in the 201 N-rate treatment compared to 134 and 268 N-rate treatments. In Kansas, reported K removal of up to 411 kg ha -1 . In Texas, Powell and Hons (1992) reported that a quadratic relationship, in an experiment designed with three N fertilization rates (0, 112, and 224 kg N ha -1 ), best described the relationship between N fertilization and P and K removal.
Sweet Sorghum Dry Matter Yield
There was no effect of N rate (P = 0.851) and DM yield was different among years only (P < 0.001). Dry matter yield was greatest in 2014, was intermediate in 2012 and 2013, and lowest in 2015 (Table  6 ). Lower DM yields in 2013 and 2015 coincide with years of lowest DM yields for biomass sorghum. Total rainfall in 2012 was above average but more evenly distributed throughout the growing season compared to 2013 and 2015. Rainfall throughout 2014 was below average and corresponded to the year with the greatest DM yields. Table 5 . Nitrogen, P, and K concentration and removal of biomass sorghum Blade ES5200 as a function of N rate fertilization. Data are means across four replicates and 4 yr (n = 16). 
† Linear (L) and cubic (C) effects of N rate; ns = not significant. Table 6 . Dry matter (DM) yield and P, and K concentration and removal of sweet sorghum M81-E. Data are means across four replicates and five N fertilization rates (n = 20). Sweet sorghum production was negative largely by above average than below average moisture conditions in North Carolina. In Florida, Erickson et al. (2012) also reported no DM yield response to N fertilization rates for sweet sorghum. Averaged across years and treatments, sweet sorghum DM yields in our study (11.4 Mg ha -1 ) were closer to those reported by Tamang et al. (2011) (13.5 Mg ha -1 ) in the southern High Plains and lower compared to those reported by Erickson et al. (2012) There were effects of year (P = 0.01) and N rate (P < 0.01) for tissue N concentration. Concentration of N in 2012 and 2015 was not different and averaged 7.7 g N kg -1 and both years were greater than the average of 6.8 g N kg -1 for 2013 and 2014 which were not different. Nitrogen concentration increased linearly from 5.7 to 8.3 g N kg -1 as N rate increased from 0 to 268 kg N ha -1 ( Table 7 ). The greatest difference in N concentration for two adjacent N rate treatments occurred between 67 and 134 kg N ha -1 application rates (increased 1.1 g N kg -1 ). Concentrations of N of sweet sorghum in our study are in between those reported by Han et al. (2011) (7.5-10 .2 g N kg -1 ) and (5.6 g N kg -1 ).
Phosphorus and K concentrations followed the same trend with only year significant effects (P < 0.01 for both P and K concentrations). Concentration of P was greatest in 2013 followed by lower and not different concentrations in 2012 and 2014, and being lowest in 2015 and not different than 2014 (Table 6 ). Concentration of K was greatest in 2013 followed by lower and not different concentrations in all other years. Similar P concentration in the tissue for sweet sorghum was reported by Han et al. (2011) (1.9 g P kg -1 ) and (1.1 g P kg -1 ). Nevertheless, K concentration was closer to the values reported by Propheter and Staggenborg (2010) (11.3 g K kg -1 ) than reported by Han et al. (2011) (7. 3 g K kg -1 ).
Nitrogen, Phosphorus, and Potassium Removal
There was a year × N rate interaction effect for N removal (P = 0.03). Nitrogen removal increased with a linear effect in all years and linear and quadratic effects in 2014 only (Table 7) when N fertilization increased from 0 to 268 kg N ha -1 (Table 7) . The difference in N removal from 0 to 268 kg N ha -1 treatments was 43, 28, 29, and 14 kg ha -1 in 2012 43, 28, 29, and 14 kg ha -1 in , 2013 43, 28, 29, and 14 kg ha -1 in , 2014 43, 28, 29, and 14 kg ha -1 in , and 2015 43, 28, 29, and 14 kg ha -1 in , respectively. Wiedenfeld (1984 and reported a wider range for N removal from 48 to 140 kg N ha -1 for sorghum. The highest N removal recorded in this study was 139 kg ha -1 and it is much lower (at least three times lower) than N applications rates for bermudagrass at spray field areas (Burns et al., 1990) . Phosphorus and K removal followed the same trend with only year effects (P < 0.01 for year effect for both P and K removals). Phosphorus removal was greatest in 2013 (20 kg ha -1 ) and lowest in 2015 (8 kg ha -1 ; Table 6 ). The lowest P removal was observed in 2015 and occurred due to the combination of low P concentration and DM yield. reported higher P removal (32 kg P ha -1 ) while results from Wiedenfeld (1984) were similar to our findings. Removal of K was greatest and not different in 2013 and 2014 (average of 152 kg ha -1 ) and both years were followed by lower removal in 2012 (127 kg ha -1 ) and lowest in 2015 (91.5 kg K ha -1 ). Removal of P and K were lowest in 2015. Potassium removal in our study is much lower compared to the range of 293 to 344 kg K ha -1 reported in Kansas by and likely a function of lower DM yields measured in our study. Despite similar tissue K concentrations in 2012 and 2014, K removal was less for 2012 due to the lower DM yields experienced in 2012 for sweet sorghum.
SUMMARY AND CONCLUSIONS
Nitrogen fertilization had a positive effect on DM yield of biomass sorghum only in 2 out of 4 yr. Biomass sorghum DM yield increased from 14.7 to 18.5 Mg ha -1 in 2012 and from 14.2 to 18.9 Mg ha -1 in 2014 when N fertilization increased from 0 to 67 kg ha -1 . Application of N beyond 67 kg ha -1 yr -1 did not result in significant increase in DM yield of biomass sorghum. Sweet sorghum DM yield was not affected by N fertilization rate in any year and were 11.1 Mg ha -1 in 2012 and 15.0 Mg ha -1 in 2014. The DM yield of both sorghums was negatively affected in both years 2013 and 2015, most likely by excessive rainfall (>300 mm) that occurred within a month of planting and fertilization; nevertheless, in the case of biomass sorghum high rainfall also masked the response to N fertilization. Removal of N across years ranged from 87 to 139 kg ha -1 for biomass sorghum. There was a year × N rate interaction for sweet sorghum and N removal ranged from 52 to 118 kg ha -1 . Sorghum nutrient removals were consistently lower (at least three times for N and two times for K) compared to bermudagrass removal rates (Burns et al., 1990) . Phosphorus removal Table 7 . Nitrogen concentration and removal of sweet sorghum M81-E. Data are means across four replicates and 4 yr for N concentration (n = 16) and four replicates and 1 yr for N removal (n = 4). was not affected by N fertilization for both sorghum varieties and ranged from 20 to 23 kg ha -1 for biomass sorghum and from 8 to 20 kg ha -1 for sweet sorghum. Potassium removal of biomass sorghum was positively affected by N fertilization and increased from 187 to 205 kg ha -1 . Contrary, K removal in sweet sorghum was not affected by N rate, and averaged 130 kg ha -1 . The results highlight the importance of evaluating sorghum recommendations and developing nutrient management plans based on specific sorghum cultivars. High DM yield achieved by both sorghum varieties in a single clipping event support their use as a dedicated bioenergy crops Nevertheless, the relatively low nutrient removal rates may limit its utilization in nutrient-rich environments such as spray fields. Further research should be conducted, especially on-farm, to evaluate the feasibility of bioenergy sorghum as a nutrient receiver crop and alternative to bermudagrass in spray field sites.
